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[57] ABSTRACT 
A method of fabricating an electronic component of 
multilayered type comprising the steps of sequentially 
forming and laminating a plurality of metal ?lms respec 
tively having different metal compositions for constitut 
ing the alloy composition of an inner electrode by the 
thin ?lm forming process to obtain a laminated metal 
?lm, laminating a plurality of ceramic green sheets 
through laminated metal ?lms such that the laminated 
metal ?lm is arranged between the ceramic green 
sheets, sintering a laminated body thus obtained and 
alloying the laminated metal ?lms to form a plurality of 
inner electrodes each composed of an alloy. 

7 Claims, 4 Drawing Sheets 
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METHOD OF FABRICATING CERAMIC 
ELECTRONIC COMPONENT OF 

MULTILAYERED TYPE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a method 

of fabricating an electronic component utilizing a 
monolithic ceramic body, and more particularly, to a 
method of fabricating a multilayered type component 
having an improved process of forming inner elec 
trodes. 

2. Description of the Prior Art 
conventionally, a multilayer capacitor has been fabri 

cated through the following processes. 
First, ceramic green sheets formed in a sheet shape by 

the Doctor blade process are prepared. Conductive 
paste including metal to be inner electrodes, for exam 
ple, palladium, silver-palladium or nickel is printed in a 
predetermined pattern on the upper surface of the ce 
ramic green sheet by screen process printing. Gener 
ally, large ceramic green sheets are used, and the ce 
ramic green sheets are laminated and then, cut in the 
later process, to fabricate a plurality of multilayer ca 
pacitors. Consequently, the above described conductive 
paste for forming inner electrodes is printed in a plural 
ity of regions on the upper surface of the ceramic green 
sheet. 
A plurality of ceramic green sheets each having con 

ductive paste printed thereon are laminated and pressed 
in the direction of thickness. Thereafter, a laminated 
body obtained by pressing in the above described man 
ner is cut in the direction of thickness so as to obtain 
laminated bodies to respectively constitute multilayer 
capacitors. 
Each of the laminated bodies obtained is then ?red, to 

obtain a sintered body. Thereafter, conductive paste for 
outer electrodes is applied and baked in a predetermined 
region on the surface of the sintered body, thereby to 
complete a multilayer capacitor. 

In order to make the multilayer capacitor much 
smaller in size and larger in capacitance, the thickness of 
a ceramic layer between inner electrodes should be 
reduced. 

If the ratio of the thickness of the ceramic layer to the 
thickness of the inner electrode after ?ring is made too 
small, however, a shrinkage of the ceramic layer is 
controlled by a shrinkage of the conductive paste at the 
time of ?ring. As a result, there arises the problem that 
the sintered body is cracked or the ?ring shrinkage 
percentage becomes unstable. 

Furthermore, the conductive paste contains a sol 
vent. The ceramic green sheet is swelled, or melted by 
the solvent. Accordingly, there are also problems of 
shortcircuiting the inner electrodes and decreasing the 
withstand voltage. > 

Therefore, a method of thinning the ceramic layer by 
using as an inner electrode a metal ?lm obtained by the 
thin ?lm forming process such as evaporation, sputter 
ing or plating has been proposed. More speci?cally, the 
method is one for increasing the reliability in a case 
where the ceramic layer is thinned by not using rela 
tively thick conductive paste but using a thin inner 
electrode formed by the thin ?lm forming process. 
However, the metal ?lm itself formed by the thin ?lm 

forming process has a small thickness. Accordingly, 
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2 
some problems are liable to arise. For example, the 
inner electrode is broken at the time of ?ring. 
More speci?cally, the sintering temperature of the 

inner electrode formed by the thin ?lm forming process 
is lower than that of the conventional inner electrode 
composed of conductive paste. Consequently, if the 
ceramic layer is raised to a temperature at which the 
ceramic layer is considerably sintered, the metal ?lm 
shrinks, so that the inner electrode is liable to be broken. 

In order to prevent the inner electrode from being 
broken, the alloying process is considered to raise the 
sintering temperature of metal or improve the wettabil 
ity between metal and ceramics. 

In the thin ?lm forming process, however, it is dif? 
cult to form metal of the alloy composition to a thin ?lm 
without any modi?cation. In many cases, the alloy com 
position of the thin ?lm formed largely differs from the 
intentional alloy composition. More speci?cally, it is 
very dif?cult to control the alloy composition. Conse 
quently, it is very dif?cult to form inner electrodes of 
the desired alloy composition. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide a method of easily fabricating a ceramic elec 
tronic component utilizing a monolithic body, having 
inner electrodes formed of metal thin ?lms of the de 
sired alloy composition. 
The inventors of the present application zealously 

examined a process of obtaining inner electrodes 
formed of metal thin ?lms of the above described de 
sired alloy composition and consequently, discovered 
that‘ a component of multilayered type provided with 
inner electrodes of the desired alloy composition can be 
fabricated not by directly forming the thin ?lms from 
metal of the alloy composition but by laminating a plu 
rality of thin ?lms respectively having different metal 
compositions for constituting the alloy composition in 
accordance with the composition and alloying the lami 
nated thin ?lms at the time of ?ring ceramics, thereby to 
make the present invention. 
The present invention provides a method of fabricat 

ing an electronic component of multilayered type hav 
ing a structure in which a plurality of inner electrodes 
each composed of an alloy are overlapped with each 
other through ceramic layers in a ceramic sintered 
body, which is characterized by the following steps. 
More speci?cally, the present invention is character 

ized by comprising the steps of sequentially laminating 
a plurality of metal ?lms respectively having different 
metal compositions for constituting the alloy composi 
tion of an inner electrode by the thin ?lm forming pro 
cess to obtain a laminated metal ?lm, laminating a plu 
rality of ceramic green sheets with laminated metal 
?lms such that the laminated metal ?lm is arranged 
between the ceramic green sheets to obtain a laminated 
body, ?ring the above laminated body and alloying the 
laminated metal ?lms to form inner electrodes. 
According to the present invention, a plurality of 

metal ?lms are laminated to form a laminated metal ?lm 
by the thin ?lm forming process so as to achieve the 
alloy composition of an inner electrode. Metal particles 
in the laminated metal ?lm obtained by the thin ?lm 
forming process comprise ultra?ne particles on the 
order of a nanometer so that the activity thereof is sig 
ni?cantly high. Consequently, in the step of ?ring ce 
ramics, the laminated metal ?lm easily becomes an alloy 
of the desired composition. Accordingly, it is possible 
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to easily fabricate an electronic component of multilay 
ered type having inner electrodes of the desired alloy 
composition. 

Therefore, according to the present invention, it is 
possible to obtain an electronic component of multilay 
ered type superior in reliability, small in size and large in 
capacitance in which an inner electrode is not easily cut 
even if the thickness of the electrode is reduced and the 
thicknesses of a ceramic layer and the inner electrode 
can be reduced. 
The foregoing and other objects, features, aspects 

and advantages of the present invention will become 
more apparent from the following detailed description 
of the present invention when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing a laminated 
body obtained by laminating ceramic green sheets each 
having laminated metal ?lms transcribed thereto ac 
cording to one embodiment of the present invention; 
FIG. 2 is a portion cross sectional and broken view 

showing a state where a ?rst metal ?lm is formed on a 
?lm by the thin forming process; 
FIG. 3 is a portion cross sectional and broken view 

showing a state where a laminated metal ?lm is formed 
on the ?lm; 
FIG. 4 is a portion cross sectional and broken view 

showing a state where the laminated metal ?lm is pat 
terned; 
FIG. 5 isa portion cross sectional and broken view 

for explaining the process of transcribing laminated 
metal ?lms to a ceramic green sheet; . 
FIGS. 6A and 6B are plan views respectively show 

ing ceramic green sheets each having laminated metal 
?lms transcribed thereto; and 
FIG. 7 is a cross sectional view showing a multilayer 

capacitor obtained by a fabricating method according 
to one embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
' EMBODIMENTS 

A fabricating method according to one embodiment 
of the present invention will be described with refer 
ence to the drawings. 

First, as shown in a portion cross sectional and bro 
ken view of FIG. 2, a ?lm 1 composed of polyethylene 
terephthalate is prepared. The ?lm 1 may be composed 
of a material other than polyethylene terephthalate. 
More speci?cally, the ?lm. 1 may be composed of a 
material of synthetic resin other than polyethylene tere 
phthalate or a material other than synthetic resin pro 
vided that it is not deformed at a temperature of approx 

, imately 75° C. 
A ?rst metal ?lm 2 is formed on the ?lm 1 by the thin 

?lm forming process. As a metal material composing 
the ?rst metal ?lm 2, a suitable metal material such as 
silver, palladium, nickel or copper is used. The compo 
sition of this ?rst metal ?lm 2 is selected to constitute 
the desired alloy composition of an inner electrode in 
combination with the composition of a second metal 
?lm as described later. As the thin ?lm forming process, 
the known process such as evaporation, sputtering or 
plating is used. 
As shown in FIG. 3, a second metal ?lm 3 having the 

composition different from that of the ?rst metal ?lm 2 
is then formed on the ?rst metal ?lm 2 by the thin ?lm 
forming process, to obtain a laminated metal ?lm 4. The 
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second metal ?lm 3 is constructed to have the composi 
tion different from that of the ?rst metal ?lm 2 so as to 
achieve the alloy composition of an inner electrode as 
described later. 
The ratio of the thicknesses of the above described 

?rst and second metal ?lms 2 and 3 is selected in confor 
mity with the desired alloy composition. 
The laminated metal ?lm 4 shown in FIG. 3 is then 

patterned as shown in FIG. 4, to form laminated metal 
?lms 4a, 4b, . . . . This patterning is possible by arrang 
ing a suitable resist material on the laminated metal ?lm 
4 and etching the same. 
The above described laminated metal ?lms 4a and 4b 

are then transcribed to a ceramic green sheet. More 
speci?cally, as shown in FIG. 5, a ceramic green sheet 
6 is deposited on a lower metal mold 5, and the ?lm 1 
shown in FIG. 4 is reversed and the ceramic green sheet 
6 is coated with the ?lm 1 such that the laminated metal 
?lms 4a and 4b are arranged on the ceramic green sheet 
6. The ceramic green sheet 6, the laminated metal ?lm ' 
4a and 4b and the ?lm 1 are pressed by an upper metal 
mold 7. 
The upper metal mold 7 has a heater 7a in the inside 

thereof and is so constructed that the ?lm 1 is heated to 
approximately 75° C. by the heater 7. Consequently, the 
laminated metal ?lms 4a and 4b are transcribed to the 
ceramic green sheet 6 by this heat pressing. The pres 
sure of the above pressing may be set to approximately 
20 to 500 Kg/cmz. 

In the above described manner, the ceramic green 
sheet' 6 having the laminated metal ?lms 4a and 4b tran 
scribed thereto is obtained. A plurality of ceramic green 
sheets having laminated metal ?lms transcribed thereto 
are laminated, which-will be described more concretely 
with reference to FIGS. 6A and 6B. 
FIGS. 6A and 6B are plan views respectively show 

ing ceramic green sheets each having laminated metal 
?lms formed in a plurality of regions thereof. More 
speci?cally, laminated metal ?lms 4a to 4r are tran 
scribed to a ceramic green sheet 6 shown in FIG. 6A. 
Similarly, a ceramic green sheet 9 having laminated 
metal ?lms 8a to 81 transcribed thereto is prepared, as 
shown in FIG. 6B. A plurality of ceramic green sheets 
6 and 9 are alternately laminated and a laminated body 
thus obtained is cut by portions corresponding to por 
tions along one dot and dash lines A and B shown in 
FIGS. 6A and 6B, thereby to obtain a plurality of lami 
nated bodies. 
One of the laminated bodies obtained is shown in a 

cross sectional view of FIG. 1. Laminated metal ?lms 
4a, 8a, 4a and 8a are laminated through ceramic green 
sheet layers in a laminated body 10. The laminated 
metal ?lms 4a and 4a are led out to one end surface 10a 
of the laminated body 10, and the laminated metal ?lms 
‘8a and 8a are led out to the other end surface 10b. 

The laminated body 10 is then ?red in the same man 
ner as that in the known method of fabricating a multi 
layer capacitor. By this ?ring, ceramics composing the 
laminated body 10 is ?red to obtain a sintered body 12 
and the laminated metal ?lms 4a, 4a, 8a and 8a are 
alloyed, to form inner electrodes 11a to 11d, as shown in 
FIG. 7. First and second metal ?lms constituting the 
laminated metal ?lm are formed by the thin ?lm form 
ing process. Accordingly, metal particles in each of the 
metal ?lms comprise ultra?ne particles on the order of 
a nanometer so that the activity thereof is signi?cantly 
high. Consequently, at the time of alloying, the lami 
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nated metal ?lm reliably and easily becomes an alloy of 
the desired composition. 

Finally, both end surfaces 12a and 12b of the sintered 
body 12 are coated with conductive paste, followed by 
?ring, thereby to form outer electrodes 13a and 13b. 
The known process of forming outer electrodes of a 
multilayer capacitor can be used for this formation of 
the outer electrodes 13a and 13b. 
Although in the above described embodiment, the 

plurality of ceramic green sheets 6 and 9 shown in 
FIGS. 6A and 6B are laminated, a laminated body may 
be obtained by repeating the process of laminating a 
plain ceramic green sheet on a ceramic green sheet 
having laminated metal ?lms transcribed thereto and 
then, transcribing the laminated metal ?lms to the plain 
ceramic green sheet. 

Further, as a method different from that in the above 
described embodiment, the above described laminated 
body may be obtained by repeating the process of form 
ing a laminated metal ?lm on a ?lm and then, forming 
and laminating a ceramic green sheet on the laminated 
metal ?lm and integrally transcribing the laminated 
metal ?lm and the ceramic green sheet which are lami 
nated on the ?lm. 

Furthermore, although in the above described em 
bodiment, the relatively large ceramic green sheets 6 
and 9 are laminated and the laminated body thus ob 
tained is cut in the portions corresponding to- the por 
tions along the one dot and dash lines A and B shown in 
FIGS. 6A and 68 to obtain a plurality of laminated 
bodies, small ceramic green sheets may be used to form 
a laminated body. 

Additionally, a laminated metal ?lm may be one ob 
tained by laminating three or more metal ?lms. 
Although the above described embodiment concerns 

a method of fabricating a multilayer capacitor, the pres 
ent invention can be also applied to the fabrication of 
other electronic components of multilayered type, for 
example, a monolithic resistor which is disclosed in US. 
Pat. No. 4,290,041. Therefore, the above described US. 
Pat. No. 4,290,041 is incorporated by reference herein 
for the processes other than the process of forming 
inner electrodes which characterizes the present inven 
tion. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. A method of fabricating an electronic’ component 

of multilayered type having a structure in which a plu 
rality of inner electrodes each composed of an alloy are 
arranged in a ceramic sintered body so as to be over 
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6 
lapped with each other through ceramic layers, com 
prising the steps of: 

sequentially laminating a plurality of metal ?lms re 
spectively having different metal compositions for 
constituting the alloy composition of an inner elec 
trode by the thin ?lm forming process, to obtain a 
laminated metal ?lm; 

laminating a plurality of ceramic ‘green sheets with 
laminated metal ?lms such that the laminated metal 
?lm is arranged between the ceramic green sheets, 
to obtain a laminated body; and 

?ring said laminated body and thereby alloying the 
laminated metal ?lms to form the inner electrodes. 

2. The method according to claim 1, wherein said 
step of obtaining a laminated metal ?lm is performed by 
sequentially forming and laminating said plurality of 
metal ?lms on a ?lm by the thin ?lm forming process. 

3. The method according to claim 2, wherein said 
laminated body is obtained by transcribing the lami 
nated metal ?lm formed on said ?lm to one major sur 
face of a ceramic green sheet and laminating a plurality 
of ceramic green sheets each having the laminated 
metal ?lm transcribed thereto. 

4. The method according to claim 3, wherein said 
laminated body is obtained by also laminating ceramic 
green sheet or sheets having no laminated metal ?lm 
transcribedthereto in addition to the plurality of ce 
ramic green sheets each having the laminated metal ?lm 
transcribed to its one major surface. 

5. The method according to claim 3, which further 
comprising the steps of: 

patterning said laminated metal ?lm, to form a plural 
ity of laminated metal ?lm portions, and 

transcribing said plurality of laminated metal film 
portions to the ceramic green sheet and cutting in 
the direction of thickness a laminated body ob 
tained by laminating a-plurality of ceramic green 
sheet each having the plurality of laminated metal 
?lm portions transcribed thereto, thereby to obtain 
a plurality of laminated bodies. 

6. The method according to claim 2, which further 
comprises the step of laminating a second ceramic green 
sheet on said ceramic green sheet having the laminated 
metal ?lm transcribed thereto and transcribing the lami 
nated metal ?lm on the upper surface of the second 
ceramic green sheet, said step being repeated to obtain 
said laminated body. 

7. The method according to claim 2, wherein said 
step of obtaining a laminated body is performed by 
repeating the process of forming a ceramic green sheet 
on a laminated metal ?lm formed'on said ?lm and then, 
transcribing the laminated metal ?lm and the ceramic 
green sheet which are laminated and formed on the 
?lm. 


